The objectives of this study were to measure the proliferation indices in canine mammary tumors using immunohistochemical detection of Ki-67 and proliferating cell nuclear antigen (PCNA), to determine the relationship of these antigens to clinical and pathologic variables, and to investigate the usefulness of these antigens as prognostic indicators. Ninety-six female dogs with 115 primary nonmetastasized spontaneous mammary tumors and dysplasias were included in the study. Immunostaining was performed using MIB-1 and PC10 monoclonal antibodies against Ki-67 and PCNA, respectively. Ki-67 and PCNA proliferation indices were determined. Dogs were followed for 18 months, with clinical examinations every 3-4 months. There was a significant correlation between Ki-67 and PCNA indices in the dogs with dysplasias and benign tumors but not in the dogs with malignant tumors. The clinical stage at first presentation was related to the proliferative index measured with Ki-67 but not to that measured with PCNA. Proliferation indices were significantly lower in the nonmalignant tumors and dysplasias than in the malignant tumors. In malignant tumors, the PCNA index had a positive correlation with the histologic malignant grade and the nuclear grade. High index values of Ki-67 were positively correlated with metastasis, death from neoplasia, low disease-free survival rates, and low overall survival rates. PCNA displayed no significant association with these variables. Multivariate analyses concerning metastasis, disease-free survival, and overall survival revealed that the Ki-67 index had prognostic value.
The proliferation index (PI), determined by cell cycle-related markers such as Ki-67 and proliferating cell nuclear antigen (PCNA), has prognostic value in human mammary carcinomas. 2, 7, 25, 36, 42 Some researchers have noted the value of these nuclear antigens in the prediction of disease-free survival and overall survival as independent prognostic factors in multivariate analyses. 38, 41, 43 Other authors have reported inconsistent results. 16, 39 Immunohistochemical methods for detecting nuclear antigens such as Ki-67 and PCNA are inexpensive, quick, and technically simple and are a good alternative to flow cytometric methods employed previously. The correlation between the neoplastic growth fraction, determined by cytometric S-phase analysis, and PCNA and Ki-67 immunohistochemistry results appears close in human tumor studies. 15, 40 PCNA is an auxiliary protein of DNA polymerase-␦ expressed in dividing cells during G1. PCNA increases in late G1, peaks in S-phase, and remains high during G2 and M-phase because of its long half-life. 8 Ki-67 is a nuclear nonhistone protein with a molecular mass of 345 and 395 kD that is expressed in cycling cells during late G1, G2, S-phase, and M-phase. Expression of Ki-67 disappears rapidly after mitosis. 18 PCNA immunostaining with PC10 antibody was reported in canine and feline formalin-fixed, paraffinembedded mammary tumor specimens and appears to be correlated with the histologic type (benign/malignant) and the mitotic index but not with nuclear grade. 30 Neoplastic proliferation has been related to prognosis in follow-up studies detecting the S-phase fraction in canine mammary tumors (CMT) by flow cytometry. 22 A novel antibody (MIB-1) developed against the Ki-67 antigen and effective in formalin-fixed, paraffinembedded material 17 has simplified the retrospective investigation of the PI of archived specimens. In this study, PI in CMT using immunohistochemical labeling of Ki-67 and PCNA were measured to investigate the relationship of these antigens to clinical and pathologic characteristics and to check their validity, via multivariate analyses, as independent and reproducible prognostic parameters.
Materials and methods
Animals and clinical examinations. The 96 female dogs included in this study were presented between January 1992 and July 1993 with primary spontaneous mammary tumors and no pulmonary metastasis. Clinical variables and data on the reproductive history and hormonal status were obtained at first presentation and included breed, body size, ovariohysterectomy, prevention of estrus (with estrogens/progestagens combinations), number of estrous cycles, regularity and duration of estrus, age at first estrus and at first partu-rition, number of gestations, and history of pseudopregnancy or pseudolactation. The animals with at least 1 malignant tumor were categorized by clinical stage using the TNM system (T ϭ size of primary tumor; N ϭ regional lymph node involvement; M ϭ distant metastasis) 28 and surgically treated. All grossly affected lymph nodes (N1) were histopathologically or cytologically examined after surgery to asses lymph node metastases. Clinical stage was established as local (without lymph node involvement ϭ N0) or regional (with histologically confirmed lymph node involvement ϭ N1). The rate of growth was defined as slow, medium, or fast based upon owner information. Tumor size was described in 3 dimensions, of which the largest was used for the statistical analysis. Taking into account this last measurement, and in accordance with the World Health Organization (WHO) system, the tumors were classified as T1 (Ͻ3 cm), T2 (3-5 cm), or T3 (Ͼ5 cm). Likewise, adherence to underlying tissues and skin and ulceration was recorded. All dogs included in the study were clinically and radiologically free from distant metastases (M0).
Histopathology. For histopathologic study, tumor specimens were fixed in buffered formalin, embedded in paraffin, cut in 4-m sections, and stained with hematoxylin and eosin. The histopathologic exam was done following the WHO classification system of canine mammary tumors. 21 Using a previously established 3,31 histologic grading system of human breast carcinomas and considering the criteria regarding malignancy in canine mammary tumors, 24 3 degrees (I, II, III) of histologic malignant grade (HMG) tumors were recognized. HMG I included well-differentiated tumors with no vascular or lymphatic invasion, HMG II included moderately differentiated neoplasms with no vascular or lymphatic invasion, and HMG III included poorly differentiated tumors with or without vascular or lymphatic invasion. The nuclear grade of malignancy (NG) was also assessed separately in each specimen and categorized as I, II, and III. 3, 24, 31 Immunohistochemistry. Ki-67 and PCNA immunostaining was performed on deparaffined sections (poly-L-lysine slides) a after microwave processing. 34 The sections were placed in a microwave-resistant container and immersed in 10 mM sodium citrate buffer (pH 6.0) and heated 3 times (5 min each) at maximum power (790 W), b replacing the evaporated buffer with distilled water after each heating session. The sections were left to cool at room temperature (RT) for 20 min. Slides were then rinsed 3 times (5 min each) in Tris-buffered saline (TBS, pH 7.4). A peroxidase-antiperoxidase (PAP) technique was employed using the following antibodies: monoclonal mouse anti-human Ki-67 c (clone MIB-1, working dilution 1:25, incubated 1 hr at RT), monoclonal mouse anti-human PCNA d (PC10 clone, working dilution 1:200, incubated overnight at 4 C), rabbit anti-mouse IgG e (working dilution 1:100, incubated 30 min at RT), and mouse PAP a (working dilution 1:150, incubated 30 min at RT). Corresponding control slides were prepared by replacing the primary antibody with TBS. Chromogen developing was performed with diaminobenzidine a and 30% hydrogen peroxide and counterstained with hematoxylin. All the washings and dilutions were performed with TBS.
Evaluation of immunostaining. Positive cells were counted by 2 observers simultaneously with a double-headed light microscope. In each specimen, positive and negative nuclei (minimum 1,000 neoplastic cells) in 8-10 representative high-power fields were counted. Every immunostained nucleus was considered positive. The PI, or proportion of positive neoplastic cells in each sample, was calculated.
Follow-up study. Dogs were followed after surgical treatment for 18 mo. Clinical examinations were performed every 3-4 mo and included a radiologic evaluation of the thorax. Tumor recurrence (local) and distant metastases were noted, as well as time and cause of death. Disease-free survival and overall survival times were recorded for each dog. These variables were categorized as low (0-6 mo), medium (7-17 mo), and high (18 mo).
Statistical analysis. Statistical tests were performed with Biomedical Data Processing Software. 10 Pearson and Yates chi-square tests were used for studying categoric variables, and Pearson correlation coefficients of the continuous variables were calculated by pairs. Analyses of variance were used to study the differences in means of continuous variables in the groups determined by categoric variables. These programs use Levene F-tests for analyzing the homogeneity of variances. If variances are assumed to be equal, then Ftests or pooled t-tests are chosen to study the variables. If variances are not equal, then a Welch test or separate t-test is selected. Tukey and Student-Newman-Keuls (SNK) tests were complementary tests to analyze the specific differences among the HMG and NG categories and the PIs. In each statistical analysis, the cases in which there are missing data for the variables studied are excluded. A segmentation analysis (decision tree) of the Ki-67 PI to predict metastasis was done. 11 Multivariate logistic regression analyses of the prognostic factors also were performed. 10 These analyses evaluate the influence of sets of variables on a dependent variable (recurrences, metastasis, disease-free survival, overall survival), calculating its odd ratio (OR) according to the formula OR ϭ esp (a 0 ϩ a 1 x 1 ϩ . . . ϩ a n ), where a 0 is the constant of the dependent variable and a 1 , a 2 , . . ., a n are the coefficients affecting the sets of related independent variables included in the model (x 1 , x 2 , . . ., x n ). The independent variables are selected according to their statistical significance in several steps. Those variables that are significant at 1 step are then considered constants to study the combined effect of the other variables on the dependent variable.
The dogs were classified in 2 groups: those with only dysplasias and/or benign tumors (group DA) and those with at least 1 malignant tumor (group DB). The tumors were also divided in 2 groups; dysplasias and benign tumors (group TA) and malignant tumors (group TB). The statistical tests examined dog-related variables and tumor-related variables separately and in combination. To analyze the tumor and dog data together in dogs with Ͼ1 mammary lesion, values of Ki-67 and PCNA were assigned to each dog. In dogs bearing only benign lesions, the higher Ki-67 and PCNA indices were chosen. In those cases in which the dog had Ͼ1 malignant neoplasm, variables of the malignant tumor (including Ki-67 and PCNA indices) with the worst clinical and pathologic prognosis were chosen for the statistical study. A probability of error (P) of Յ0.05 was considered significant. Ki-67 and PCNA immunohistochemistry in canine mammary tumors 
Results
The 96 female dogs ranged from 5 to 13 years of age (x Ϯ SD ϭ 9.90 Ϯ 2.22 years). Most of them were intact bitches (n ϭ 86, 89.58%) with no (n ϭ 53, 55.20%) or only 1 (n ϭ 23, 23.95%) parturition. Only 17 bitches had been prevented from estrus by the administration of estrogens/progestagens combinations. The anamnesis revealed 36 previous pseudopregnancies and 23 pseudolactations. Fifty-one dogs had dysplasias and/or benign mammary gland tumors but not malignant neoplasms (39 with benign tumors, 10 with benign tumors and dysplasias, 2 with only dysplasias). Forty dogs had 1 malignant tumor and 5 had multiple malignant tumors. Clinical stage for malignant neoplasia was local in 36 cases and regional (with histologically confirmed lymph node involvement) in 9 cases (1 with HMG I, 2 with HMG II, 6 with HMG III).
The total number of tumors collected was 128 (17 dysplasias, 60 benign tumors, 51 malignant tumors). Dogs with complete clinical history and clinical data on the tumors, which had been previously histologically diagnosed, were included in the follow-up study, although some of the corresponding tumors could not be analyzed further because of a fire in the pathology laboratory that destroyed some of the slides and tissue blocks. Excluding these destroyed tissues, 115 mammary gland tumors (15 dysplasias, 60 benign tumors, 40 malignant neoplasms) were used in the study. Fifteen of the 40 malignant tumors recurred, and 12 metastasized, 6 of which also recurred. From the 45 animals with at least 1 malignant tumor (group DB), 21 were alive and 20 were dead or euthanized due to neo-plasia at the end of the follow-up period. Three animals died from other causes and 1 was lost to followup. Twenty-seven dogs had low to medium diseasefree survival (DFS), 17 had a high DFS, and 1 was lost to follow-up. The overall survival (OS) was high in 21 dogs, low to medium in 21, and unknown in 3. No recurrences or metastases were presented in dogs with benign tumors, and OS was high for all of these dogs.
Ki-67 and PCNA immunostaining was nuclear and varied in intensity. Mitotic cells exhibited chromosomal Ki-67 reactivity, and PCNA was expressed in the cytoplasm of mitotic cells (Fig. 1 ). The Ki-67 index ranged between 1% and 31% (n ϭ 93, x ϭ 7.33%), and the PCNA index ranged between 1% and 90% (n ϭ 89, x ϭ 27.27%). There was a significant correlation between the Ki-67 and PCNA indices in the group of dysplasias and benign tumors (group TA) (n ϭ 57, r ϭ 0.62, P Ͻ 0.001) but not in malignant tumors (group TB).
Univariate analyses
Clinical data. To determine the possible influence of different factors such as age or hormonal history on tumor proliferation, their relationship with Ki-67 and PCNA scores were investigated. No significant relationship was found between the Ki-67 and PCNA scores and the breed, size of the dog, or most of the reproductive variables (age at first parturition, number of parturitions, ovariohysterectomy, prevention of estrus, number of estrous cycles, estrous cycle duration and regularity, pseudolactation, pseudopregnancy). The PCNA score was correlated with the age of the dog (P ϭ 0.023, r ϭ 0.345), and the Ki-67 score appeared correlated with the age at first estrus (P ϭ 0.008, r ϭ 0.59) only in malignant tumors. The relationship between the clinical parameters of the tumor and the proliferation rate was investigated. Ki-67 and PCNA were not significantly associated with tumor size, rate of growth, ulceration, or adhesion to underlying tissues.
The clinical stage at first presentation in dogs with at least 1 malignant tumor was related to the PI measured with Ki-67 but not with PCNA. Low levels of Ki-67 displayed a significant association with the local stage (N0), and high levels of Ki-67 were associated with the regional stage (N1, with histologically confirmed lymph node involvement) (P ϭ 0.02) ( Table 1) With respect to benign (group TA) versus malignant (group TB) neoplasms, both PIs were significantly lower for the nonmalignant tumors and dysplasias than for the malignant tumors (P Ͻ 0.0001).
In malignant tumors, the PCNA index displayed a positive relationship with the histologic malignant grade (P ϭ 0.042) and the nuclear grade (P ϭ 0.032) ( Table 2 ). With the Tukey studentized range method, the PCNA index discriminated between HMG I and HMG III (P Ͻ 0.05). SNK tests separated HMG I and HMG II from HMG III (P ϭ 0.01 and P ϭ 0.05, re-spectively). NG II and NG III were significantly separated by Tukey's test (P Ͻ 0.05) but not by the SNK test. Ki-67 and PCNA levels did not significantly distinguish between dysplasias (Ki-67 index x ϭ 5.41, PCNA index x ϭ 21.09) and benign tumors (Ki-67 index x ϭ 3.98, PCNA index x ϭ 18.70). Both markers were independent of the histopathologic malignant type, although the Ki-67 index in solid carcinomas and sarcomas (x ϭ 12.94) was higher than the Ki-67 index in tumors with tubular formations (x ϭ 11.31).
Follow-up study. There were no tumor-or dog-related variables statistically associated with recurrence of malignant neoplasms. A significant association (P ϭ 0.022) existed between ulceration and metastasis; 53.8% of the ulcerated tumors metastasized as compared with only 18.5% of the nonulcerated neoplasms.
High values of Ki-67 were associated with metastasis in the follow-up study (P ϭ 0.002) but not with recurrences ( Table 3) . PCNA failed to predict metastases or recurrences. With the Ki-67 index segmentation analysis, it was possible to establish Ki-67 cutoff points with respect to the probability of metastasis. If the Ki-67 index was Ͻ11.5, the probability of metastasis was 5%; if the Ki-67 index was between 11.5 and 24, the probability increased to 25%, and when the Ki-67 level was Ͼ24, the probability of metastasis was 99%.
Considering only dogs with at least 1 malignant tumor, and only those who died from neoplasia or were alive, high levels of Ki-67 were related to death from neoplasia (P ϭ 0.047). Animals with a low Ki-67 PI had a significantly higher DFS (P ϭ 0.002) and OS (P Ͻ 0.001). PCNA displayed no significant association with these variables (Table 3) .
Old age (x Ϯ SD ϭ 10.95 Ϯ 1.51 years, P ϭ 0.04), Ki-67 and PCNA immunohistochemistry in canine mammary tumors short estrous duration (x Ϯ SD ϭ 13.22 Ϯ 5.92 days, P ϭ 0.007), low number of estrous cycles (P ϭ 0.015), death by neoplasia (P ϭ 0.007), number of malignant tumors/animal (P ϭ 0.017, 100% of the animals with Ͼ1 malignant tumor had a low DFS), large tumor size (P ϭ 0.048), and ulceration (P ϭ 0.024) were also related to a shorter DFS. Advanced age of the animal (P ϭ 0.003), short estrous duration (P Ͻ 0.011), low number of estrous cycles per year (P ϭ 0.050), short DFS (P Ͻ 0.001), large tumor size (P ϭ 0.043), HMG (P ϭ 0.040), and NG (P ϭ 0.025) were also related to a low OS.
Multivariate analyses
To study the combined influence of groups of variables on a given variable (recurrences, metastasis, DFS, OS), several multivariate analyses were performed in the group of animals with at least 1 malignant tumor (group DB, n ϭ 45). For these analyses, complete data for all the variables was necessary; Fig. 4 . Ki-67 index is high (15%). Ki-67 immunostaining. therefore, some dogs for which data were incomplete were not included. Thus, several multivariate analyses using different sets of variables were performed. Those with the most number of cases included are described below.
No single variable was selected with regard to recurrences. Taking metastasis as a dependent variable and selecting a set of variables (age, pseudolactation, tumor size, ulceration, lymph node involvement, histologic type of malignant tumor [malignant 1 or 2], Ki-67 index, PCNA index), multivariate analysis con-cerning metastasis (n ϭ 32 cases, 23 negative and 9 positive for metastasis) revealed Ki-67 in step 1 as an independent prognostic factor (P ϭ 0.003). When Ki-67 was the selected variable (step 2), no other variable appeared significantly related to metastasis (Table 4) .
Taking DFS as a dependent variable (n ϭ 31; low to medium DFS Ͻ 18 months, n ϭ 20; high DFS Ͼ 18 months, n ϭ 11) and using age and Ki-67 as related variables, Ki-67 (P ϭ 0.001) emerged as an independent and significant variable in step 1. When Ki-67 was considered constant (step 2), age was the next · · · · · · 0.98-1.39 0.003 0.024 0.004 0.008 0.026 * Because the category ''ulceration yes'' predicts perfectly the variable low-medium overall survival, no other coefficients were calculated. † Because regional clinical stage was encountered in most of the cases with low to medium overall survival, exponential coefficient and confidence interval were not calculated. variable affecting DFS but not at significant level (P ϭ 0.1) ( Table 4 , DFS multivariate analysis 1). In a second multivariate analysis of DFS, including other variables (age, lymph node involvement, tumor size, adherence to underlying tissues, rate of growth, ulceration, Ki-67 index, PCNA index), the number of cases dropped to 27 (low-medium DFS, n ϭ 20; high DFS, n ϭ 7) and age was selected in step 1. No other variable was selected in step 2, although tumor size and the Ki-67 index were close to being selected by the analysis (P ϭ 0.052, P ϭ 0.058, respectively) ( Table  4 , DFS multivariate analysis 2).
With OS as a dependent variable and using age and Ki-67 as related variables (n ϭ 32; low-medium OS Ͻ 18 months, n ϭ 13; high OS Ͼ 18 months, n ϭ 19), Ki-67 index (P ϭ 0.03) and age (P ϭ 0.024) affected Os independently and were selected in steps 1 and 2, respectively ( Table 4 , OS multivariate analysis 1). When other data were considered (Ki-67 index, ulceration, lymph node involvement), 28 cases remained, and ulceration, clinical stage, and the Ki-67 index were independent prognostic factors selected in steps 1, 2, and 3, respectively. Ulceration represented an almost perfect mathematical model to predict OS (all the cases with ulceration had a low to medium OS; SE is not shown) ( Table 4 , OS multivariate analysis 2).
Discussion
Ki-67 and PCNA immunostaining was successful using MIB-1 and PC10 monoclonal antibodies after microwave processing. In some cases, after repeating the immunochemical process several times, the quality of the immunostaining was not considered good; only tumors with quality immunohistochemistry staining were included in the study (Ki-67, n ϭ 93; PCNA, n ϭ 89) to avoid underestimated PIs. In nonmitotic cells, Ki-67 and PCNA expression was restricted to the nuclei, but in mitotic cells (once the karyotheca has disappeared and only chromosomes were visible), Ki-67 immunostaining was chromosomal, and PCNA expression was cytoplasmic. This pattern of Ki-67 and PCNA expression is commonly reported in human tissues, with some exceptions. 2 In canine mammary tumors, similar PCNA immunostaining has been reported. 29 There are no previous reports concerning Ki-67 and canine mammary tumors. The cytoplasmic expression of PCNA in mitotic cells could be related to its association with cytoskeletal elements. 40 For unknown reasons, PC10 did not stain the cytoplasm of a few mitotic cells.
In this study, as in many others in human breast tumors, PCNA expression is more intense than that of Ki-67 probably because Ki-67 is restricted to the cell cycle whereas PCNA is also expressed in noncycling cells in association with DNA repair. 35 PCNA also has a long half-life and persists after the end of mitosis. Mitotic cells have very low PCNA expression, 23 which suggests that although PCNA is comparable to Ki-67, it is influenced by unknown factors and loses its usefulness for quantifying proliferative activity. 37 Ki-67 and PCNA were significatively correlated in benign tumors (group TA) but not in malignant neoplasms (group TB). The lack of correlation between Ki-67 and PCNA in malignant tumors has also been observed in human breast carcinomas 25 and is attributable to the high values of PCNA and its presence in noncycling cells.
Ki-67 labeling in benign and malignant CMT was similar to that reported in human breast tumors. 14, 25, 42, 43 The PCNA values in our study were higher than most of the values reported for human breast carcinomas and higher than other published values for CMT. 29 The microwave technique used in the present study could allow the immunostaining of PCNA epitopes masked by formalin fixation, which would explain the higher PCNA values. Nevertheless, PCNA index in malignant tumors was quite similar to the PCNA labeling obtained by others 25 with the same PC10 antibody.
Previously reported correlations between Ki-67 and PCNA indices and clinical and pathologic variables have been contradictory. In the present study and in accordance with some investigations in women, Ki-67 2 and PCNA 38, 39 indices were not unequivocally correlated with age, whereas Ki-67 labeling exhibited a significant association with lymph node status. 42, 43 In the present series of tumors, similar to some human studies, clinical variables such as tumor size, rate of growth, or adherence to underlying tissues were not associated with Ki-67 2, 7, 25, 42 or PCNA. 36, 38, 39 Nevertheless, an association between tumor size and Ki-67 43 and PCNA 20 staining has been reported. The lack of a relationship between PIs and tumor size could be attributed to neoplastic changes; tumor size is the result of previous growth and these PIs measure the growth rate at the time of surgery. In addition, the rate of growth reported in this study was given by the owner and was therefore subjective.
In spite of the controversy concerning the association between Ki-67 and PCNA indices and clinical variables, the data supported that tumor grade is associated with both the Ki-67 index and the PCNA index. The PCNA index, but not Ki-67 index, displayed a significant association with HMG and NG. Similar correlation between PCNA and NG has not been found in CMT. 29 These results concerning PCNA in CMT are not fully comparable because the antigen microwave retrieval technique we used produced PCNA levels that were higher than those obtained by others without this pretreatment. 29 According to previous studies in human breast lesions, 38 PCNA and Ki-67 indices were significantly different in benign and malignant tumors (P Ͻ 0.001). In spite of the fact that the labeling of these nuclear markers increased with malignancy from benign neoplasms to papillary/tubular adenocarcinomas to solid carcinomas, there was no significant association with histologic type. Benign tumors were not discriminated from dysplasias nor were malignant neoplasms with tubular/papillar formations differentiated from those without such structures. Similar results have been reported in CMT stained with PC10 anti-PCNA 29 ; the PCNA index in benign tumors was significatively higher than that in malignant tumors (P Ͻ 0.001). These authors also indicated a significant correlation between PCNA index and mitotic index, but the comparison between PCNA values and other pathologic, clinical, or follow-up variables were not studied.
Prediction of the postsurgical behavior of CMT is not possible through histopathologic examination alone, and different pathologic and clinical parameters have been proposed to assure accurate prognosis in univariate follow-up studies. These parameters include the age of the animal, rate and type of growth, tumor size, ulceration, lymph node status at time of surgery, histologic malignant type, nuclear grade, presence of lymphoid infiltrates, and mitotic index, although those prognostic parameters that affect survival differ in the various follow-up studies. 1, 4, 12, 13, 19, 24, 27, 30 In recent years, the presence of estrogen or progesterone receptors has been included as a better prognostic factor in CMT. 26 Some reproductive variables such as age at first estrus, abnormal estrous cycles, or pseudopregnancy do not play a significant role in the progression of malignant tumors, 12, 33 although they are recognized as important factors in the appearance of these neoplasms. An increased argyrophilic nucleolar organizer region (ribosomal DNA related to the cell cycle and proliferative activity) count is associated with an increasing degree of malignancy and tumor-related death in bitches with invasive mammary carcinomas. 6, 9 One of the most important factors is, undoubtedly, tumor size. 1, 5 In the present study, it was not possible to predict recurrences with the variables analyzed. The appearance of distant metastases in the follow-up period was significantly associated with high Ki-67 labeling, ulceration, and poorly differentiated NG. The SPAD-S program was used to find significant intervals of Ki-67 values that could be used to predict metastases; when Ki-67 was Ͼ24%, the probability of developing distant metastases increased to 99%.
Low OS and DFS were both correlated with increased age (10.95 and 11.00 years, respectively), short estrous cycle, large tumor size, and a high Ki-67 index in the univariate study. Old age and tumor size are robust prognostic factors in CMT, 22 and the present univariate analysis indicates that Ki-67 should also be considered. The PCNA index was not related to any of the follow-up variables investigated. Many studies in human breast cancer indicate the usefulness of Ki-67 in predicting DFS and OS in univariate analyses. 7, 14, 16 The grading system of HMG used here is based mainly in the Scarff-Bloom-Richardson (SBR) grading system commonly used in human breast cancer and is considered a good prognostic factor. 3, 31 This grading system is based on 3 characteristics of the tumor, the grade of tubular differentiation, grade of nuclear pleomorphism (NG), and mitotic index, and incorporates the criterium of histologic vascular invasion for CMT. 19 There has not been a specific grading system for CMT with follow-up validation. Our results indicate that this combination of human SBR and criteria of invasiveness can be prognostic in the dog because HMG and NG were related to low OS in univariate analyses.
Multivariate analyses to study the joint effect of the variables on distant metastases, DFS, and OS have revealed that high Ki-67 labeling, increased age, large tumor size, ulceration, and regional clinical stage are reliable prognostic parameters of malignant behavior in CMT. Some authors have found that DFS 14, 41, 43 and OS 41, 43 multivariate analyses demonstrated Ki-67 as a significant independent predictor in human breast cancer, whereas other authors have not obtained those results. 16 In contrast to the demonstrated validity of Ki-67 as a prognostic factor in the majority of the studies, the PCNA index does not seem to be a good indicator of OS and DFS in univariate analyses 16, 36, 38, 39 or multivariate analyses. 16, 39 Thus, PCNA may not be a good proliferation marker in human breast carcinomas. 32 In contrast, in a few studies PCNA appeared to be an independent factor affecting DFS and OS in univariate or multivariate analyses. 20, 36, 38 The only published multivariate analysis of survival of dogs with malignant CMT 22 indicated that increased age, elevated S-phase fraction, and ploidy status were independent predictors of survival. These findings indicate that increased age and the proliferative ratio obtained with flow cytometry are important and independent prediction factors in CMT and coincide with our results concerning the Ki-67 index. Moreover, Ki-67 immunodetection presents several advantages over flow cytometric methods because the Ki-67 detection technique is less expensive, is easier to perform, is done in situ, and can be performed in a normal his-topathology laboratory. Immunodetection of the Ki-67 antigen using the monoclonal antibody MIB-1 is an easy technique because microwave antigen retrieval allows the improved staining of the antigen. Because of the heterogeneous nature of CMT, it is important to count the Ki-67 stained nuclei in poorly differentiated selected areas that usually have a high proliferation rate. Most authors agree that the poorly differentiated areas should be selected and that all the nuclei (weakly and strongly stained) must be counted, so that all the cells in the cell cycle can be considered.
The multivariate analyses presented here are complementary to the univariate analyses. The low number of cases that could be included in the study implies that the prognostic factors such as age, tumor size, or Ki-67 index, that emerged as significantly related to metastasis, DFS, and OS are strong independent indicators of prognosis. If there had been more cases and variables to include in the multivariate analyses, other prognostic indicators such as HMG, NG, and histological type of malignant tumor may have been significant. Nevertheless the multivariate studies are of interest because they show almost invariably that the Ki-67 index is a good prognostic indicator.
In the present study, increased Ki-67 immunostaining was an objective prognostic parameter in predicting the postsurgical behavior of canine mammary carcinomas. The Ki-67 index was an independent and objective prognostic factor in predicting metastases, DFS, and OS. PCNA, however, was not. Nevertheless, further studies with a greater number of malignant tumors are necessary to confirm the relationship between Ki-67 and PCNA indices and the clinical and pathologic variables and to confirm the validity of the Ki-67 index as a prognostic factor.
